The Next Step for Al: From Thinking to Knowing

A review of Agent Skills through the lens of Procedural Memory

Based on the survey by Yaxiong Wu & Yongyue Zhang
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We don't re-learn how to ride a bicycle every single time.

Human skill mastery is a journey from

conscious effort to automatic execution.

This is the power of procedural memory—a Cognitive -
system that encodes how to perform tasks,

not just what to know. This progression

follows distinct stages:

Associative

Autonomous

Reflective

Conscious, rule-based
learning requiring full
attention.

Practice-driven
reinforcement reduces
reduces errors and
streamlines behaviour.,

Execution becomes
automatic, flexible, and
encoded in procedural
memory.

Metacognition supports
continual adaptation and
improvement.
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Today’s LLM agents suffer from a form of amnesia.

Without a mechanism to retain procedures,
current agents are limited in long-horizon,
complex tasks. They rely heavily on
inefficient and fragile “trial-and-error”
exploration.

 Decisive error steps from which they
cannot recover.

e Low overall success rates.

e Unstable and unpredictable performance.

Essentially, they are forced to re-derive

solutions from scratch for every complex task.
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The solution is a procedural memory for Al.

Plan a 3-day trip
to Singapore.

Agent Skills are reusable, structured units
@t Of :

) i3 of procedural knowledge that encode
Effective  Efficient how to perform tasks.

w They enable agents to internalise, retain,
ﬁ and reuse task-solving procedures gained

from experience.

User Agent Procedural : . _
Memory This mechanism parallels human skills,
Agent Skills allowing agents to:
, \ » Bypass repeated trial-and-error
Name: PlanMultiDayCityTrip reasonin
Description: Reusable procedure for planning a multi-day city trip by jointly optimizing g. : :
itinerary structure, attractions, transportation, and budget. e Invoke experience-gr ounded action
Steps:
1. Extract Constraints: trip duration, preferences, budget. templ‘_a!.'es' :
2. Select Attractions: rank POls by interest, distance, and diversity. e Transition from one-shot reasoning
3. Daily Itinera!'y Layout: clustet activities by_lncatiun and time. towards sustained, experience—driven
4. Transportation Planning: estimate travel time and route between stops. ) A
5, Budget Allocation: estimate costs and adjust plan to constraints. Intelligence.
J
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The Lifecycle of an Agent Skill: From Experience to Expertise.

Problem-solving with Agent Skills follows a structured lifecycle where procedural knowledge

Is acquired, stored, used, and improved through feedback.

4

Refinement

Based on execution outcomes and
feedback, the skill is iteratively
updated to correct errors and
improve efficiency.

3

Invocation

When a new task matches a skill's
scope, the agent retrieves and
executes the encoded procedure,
avoiding re-derivation.

M

843

-

Acquisition

The agent's successful task
trajectories and recurring action
patterns are consolidated into a
reusable skill.

2

Representation

The acquired skill is stored as a
modular, discoverable unit of
procedural memory.
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The anatomy of a skill: The Anthropic implementation.

Anthropic's framework provides a concrete,
lightweight implementation using a

figeystomdiaed Sbatsaction. The Anthropic Skill Implementation

« Skill Organisation: A skill is a self-contained

X b ; Context Window Agent Virtual Machine A Simple SKILL.md File
folder centred around a "SKILL.md" file. This

ﬂlE CDﬂtalns YAML fan.!:m:atter fﬂr User: Fill out this PDF based E s/ E:Ecer;;ﬂ?c:n: Comprehensive PDF YAML, Frontmatter
metadata [namep descri ptmn} and Markdown on what you know about ms... B skilis/bigquery/ toolkit for extracting text and tables, (Always loaded,
for procedural instructions. The folder can . g kgl
also include executable scripts and other Claude: Cotiny| 1) uss the - i/ ‘ :
resources. fa sills/pdf/ #4 Overview
i SKILL.md This gui-:le cnvemtlessar:tiatth'DF
processing operations, to the.

» Progressive Disclosure: To manage context h B forms.md e uch ke e
EHiCientl}"' thE agent iﬂitiﬂ")f |Dﬂd5 ﬂﬂl}f thE E EHtFECLﬁEIdE.D}' Lﬂulir?;:r%:ﬂﬂumlénls.aﬂd quEH'IiIing &(ﬁ?ﬁﬁ when
: : : Equipped Skills ; e 9%
lightweight skill metadata. The full b Sk takens)
instructions inside SKILL.md" and any igquery | docx B
associated files are loaded only when the [ B o from pypdf inport PdfReader...
skill is triggered by a matching task.

+ Runtime Invocation: A compatible agent
discovers skills, matches tasks to them based
on metadata, and then activates them by
loading instructions or executing bundled
code.
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The four pillars of value for skill-based agents.

Agent Skills provide a principled mechanism for encapsulating and reusing procedural knowledge,
addressing key challenges in agent development.

v, &

Reliability Efficiency
Externalising procedures into consistent skills Replacing repeated, ad-hoc reasoning with direct
reduces reliance on fragile prompting and improves iInvocation of defined procedures reduces computation
stability of long-horizon behaviour. and lowers development costs.
Scalability Self-Evolution
Skills become portable, auditable units of Skills provide a concrete substrate for agent
organisational knowledge, ensuring consistent and improvement. Through reflection and refinement,
interoperable behaviour across users, they function as an operational memory that

platforms, and agents. supports continual learning.
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The skill ecosystem is evolving towards autonomy and dynamism.

Across the research landscape, a clear evolutionary path is emerging for how Agent Skills are implemented. The
field is progressing from manually engineered, static artefacts towards experience-driven, continually evolving

systems.

Manual Construction

Textual Prompts

Planning

Static

Acquisition
Autonomous Discovery

via exploration and distillation

Representation
Executable Artefacts

(code, APIs) and explicit Memory Units

Invocation

Explicit Calls
and context-aware Memory Retrieval.

Refinement
Continual Learning

via Self-Reflection and Collective Sharing
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Key design choices across the skill lifecycle.

Implementing a skill-based agent involves specific design choices across the four core dimensions.

Acquisition
Methods

From
E Demonstrations
(SkillAct)

From
Exploration
q & Task Proposal
(ASD, PAE)
From
e  EXperience
é Distillation
(TAIRA, ReMe)

Representation
Formats

Textual
—| Prompts
(SkillAct)

Executable
Artefacts

{ } (Programs, APIs)
(ASI,
SkillWeaver)

Procedural
{i Memory Units
(Memp, CER)

Invocation
Mechanisms

Integrated into
521 Planning
O (SkillAct, ASD)

Explicit Calls

(APIs

& (APIs, tools)
(ASI, Anthropic
Agent SKills)

Memory
%\ Retrieval
(CER, ReMe)

Refinement
Strategies

Reflection &
O Self-Correction
" (CASCADE,
ReMe)

Continual
/‘N

Learning
/ (SAGE, Memp)

Collective &

Shared Learning
2 (LEGOMem,

SkillWeaver)
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Where Agent Skills are making an impact.

Agent Skills are effective in domains with recurring procedures, long-horizon tasks, and potential
for experience reuse. Key applications include:

Coding & Software
Engineering
(SAGE, ReMe*)

Web Navigation &

Interaction
(PolySkill, ASI¥)

Gaming Scientific Research
(*Voyager, Bottom-Up (CASCADE*)
Agent*)

Robotics
(*ASD*)

Other Domains
(Household tasks, RecSys,
Office Automation)
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The roadmap from ad-hoc artefacts to a mature foundation.

To realise their full potential, Agent Skills must evolve beyond isolated implementations. The future
path involves addressing four key challenges:

Shared Ecosystems Future

Developing standardised, interoperable Stat
skills that can be shared across ate
. : agents, systems, and organisations to
Continual Evolution foster collective intelligence.

Creating skills that automatically
acquire, refine, and retire based
on experience, enabling true
lifelong learning.

Professionalisation

Treating skills as professional
assets with versioning,

evaluation criteria, and
accountability for deployment in

Hierarchical Composition high-stakes domains like finance

and healthcare.

Building complex skills from reusable
primitives, improving abstraction
and long-horizon planning.

State
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Agent Skills
§\— ¢ =
3 (6,87

Agent Skills are the bridge from one-shot
reasoning to experience-driven intelligence.

Viewing skKills as a form of procedural memory provides a principled foundation for building the next
generation of autonomous systems. This approach is central to moving agents beyond isolated
problem-solving and toward reliable, scalable, and self-improving intelligence.
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Resources & Further Reading.

[ QE I Original Survey

Paper

"Agent Skills from the
Perspective of Procedural
Memory: A Survey”

- Y. Wu, Y. Zhang.

Key Implementations
& Repositories

Anthropic Agent Skills:

Ofy~r0

- "

github.com/anthropics/skills O ﬁﬁ&éﬁ
¥ {x

[=]

2 [m]
OpenAl Skills: O : #‘5 %
github.com/openai/skills Ak =
[m]Er3::

Hugging Face Skills:
github.com/huggingface/skills
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